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Abstract
Supergravity corrections due to the energy density of a right-handed sneu-
trino can generate a negative mass squared for the inflaton, flattening the infla-
ton potential and reducing the spectral index and inflaton energy density. For
the case of D-term hybrid inflation, we show that the spectral index can be low-
ered from the conventional value n = 0.98 to a value within the range favoured
by the latest WMAP analysis, n = 0.951+0.015−0.019. The modified energy density
is consistent with non-observation of cosmic strings in the CMB if n < 0.946.
The WMAP lower bound on the spectral index implies that the D-term cosmic
string contribution may be very close present CMB limits, contributing at least
5% to the CMB multipoles.
1c.lin3@lancaster.ac.uk, 2j.mcdonald@lancaster.ac.uk
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1 Introduction
The Minimal Supersymmetric (SUSY) Standard Model (MSSM) [1], extended to ac-
comodate neutrino masses, is widely regarded as the most likely candidate for a theory
of particle physics beyond the Standard Model. Proof of the existence of the MSSM,
which may be obtained by the CERN Large Hadron Collider in the near future, would
strongly motivate the development of a detailed understanding of SUSY cosmology.
In particular, it would be essential to develop a naturally consistent SUSY inflation
model to serve as the basis for SUSY cosmology.
In the context of supergravity (SUGRA), SUSY inflation models based on an F-
term typically suffer from the η-problem i.e. the generation of order H2 corrections
to the inflaton mass squared [2, 3]. This problem does not arise for inflation models
in which the energy density comes from a D-term1. In particular, D-term hybrid
inflation models [8], based on a Fayet-Iliopoulos D-term associated with a U(1)FI
gauge symmetry, automatically evade the η-problem and so are naturally consistent
with SUGRA. However, D-term hybrid inflation has a problem due to the formation of
local cosmic strings associated with the breaking of the U(1)FI gauge symmetry at the
end of inflation [9]. The contribution of these cosmic strings to the cosmic microwave
background (CMB) has been shown to be too large in models which have a naturally
large value of the superpotential coupling [10].
Since D-term hybrid inflation has the ability to provide a naturally consistent basis
for SUSY inflation in the context of SUGRA, it is important to ask whether there is
any way to overcome the cosmic string problem. One way is to reduce the superpoten-
tial coupling to less than O(10−4) [10]. However, this requires that the U(1)FI gauge
coupling, g, is much less than any known gauge coupling, g <∼ 10
−2 [11]. In this paper
we will concentrate on the case of large couplings. Another approach is to reduce
the mass per unit length of the cosmic strings by reducing the expectation value of
the symmetry-breaking field. This requires that the energy density during inflation is
1F-term inflation models with a Heisenberg symmetry [4], a cancellation between SUGRA correc-
tions and radiative corrections [5] or a minimal Ka¨hler potential with a superpotential linear in the
inflaton field [6] (in particular F-term hybrid inflation models [7]) are also possible.
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lowered whilst still accounting for the observed magnitude of the primordial density
perturbations. In [12] the energy density was lowered by introducing higher-order cor-
rections to the Ka¨hler potential of the D-term hybrid inflation fields. It was shown
that for particular choices of the higher-order correction the slope of the inflaton po-
tential could be flattened, thus allowing the energy density to be reduced. In [13] an
alternative approach was followed in which the D-term hybrid inflation superpotential
was modified by replacing the renormalizable superpotential proportional to the infla-
ton with a non-renormalizable superpotential proportional to the inflaton squared. It
was shown that this model could account for the observed density perturbations with
a reduced energy density. An alternative approach is to prevent the formation of local
cosmic strings at the end of inflation. In [14] the D-term hybrid inflation superpo-
tential was modified by adding a second pair of U(1)FI charged superfields in such a
way that the strings which form are semilocal. (The cosmic string problem in SUSY
hybrid inflation models has recently been reviewed in [15].) In the context of F-term
hybrid inflation, it is possible to have a non-renormalizable superpotential such that
there is no symmetry-breaking phase transition, corresponding to cases of shifted and
smooth hybrid inflation [16, 17, 18].
The recent three-year Wilkinson Microwave Anisotropy Probe (WMAP) results [19]
have highlighted a second problem for the D-term hybrid inflation model, which is that
the spectral index, n, may be too large to be consistent with CMB observations. The
conventional D-term hybrid inflation model predicts that n = 0.98, whereas the three-
year WMAP data implies that n = 0.951+0.015−0.019 at 1-σ [19]. This is an even more severe
problem for the modified D-term inflation model of [13] or the small coupling limit of
conventional D-term inflation, which predict that the spectral index is extremely close
to 1, n− 1 ≈ 10−5 2.
In this paper we present a new solution of the cosmic string and spectral index
problems of D-term hybrid inflation. This solution is based on the interaction ex-
2It has been suggested in [20] that conventional D-term hybrid inflation could be consistent with
observation if there is a contribution to the CMB power spectrum from cosmic strings which is
combined with values for the other cosmological parameters in such a way as to match to the small
n CMB power spectrum for the case without cosmic strings.
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pected in the context of SUGRA between the inflaton and a massive right-handed
(RH) sneutrino. We will show that for natural values of the RH sneutrino mass and
expectation value it is possible for this interaction to flatten the inflaton potential
sufficiently to overcome the cosmic string and spectral index problems.
The paper is organised as follows. In Section 2 we calculate the SUGRA modifica-
tion of the D-term hybrid inflation scalar potential due to a RH sneutrino. In Section
3 we solve for the evolution of the inflaton as a function of the number of e-foldings
and show how the RH sneutrino modification can reduce the spectral index and en-
ergy density during inflation. Bounds on the spectral index and energy density for
which the RH sneutrino-modified D-term hybrid inflation model is consistent with all
CMB bounds are derived. In Section 4 we discuss the range of RH sneutrino mass and
expectation value for which the cosmic string and spectral index problems are solved.
In Section 5 we review the present status of the cosmic string CMB upper bound on
the energy scale during inflation and estimate the contribution of cosmic strings to
the CMB in the RH sneutrino-modified D-term hybrid inflation model. In Section 6
we present our conclusions.
2 Modifying the Inflaton Potential via a RH Sneu-
trino
The most commonly studied form of neutrino mass model is that based on the see-saw
mechanism [27]. The superpotential responsible for the light neutrino masses is
Wν = λνΦHuL+
MΦ
2
Φ2 , (1)
where Φ is the RH neutrino superfield, Hu and L are the Higgs and lepton superfield
doublets and MΦ is the RH neutrino mass. In this we have suppressed generation
indices. In the following we will consider the case where only a single RH sneutrino is
given a large expectation value during inflation.
The superpotential of D-term hybrid inflation is given by [8]
WD = λSΦ+Φ− , (2)
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where S is the inflaton superfield and Φ± are superfields charged under the U(1)FI
gauge symmetry responsible for the Fayet-Iliopoulos term. The corresponding SUSY
scalar potential is
V (S,Φ+,Φ−) = λ
2
[
|S|2
(
|Φ+|2 + |Φ−|2
)
+ |Φ+|2 |Φ−|2
]
+
g2
2
(
|Φ+|2 − |Φ−|2 + ξ
)2
,
(3)
where ξ is the Fayet-Iliopoulos term. Φ+ and Φ− are equal to zero at the minimum
of the potential as a function of |S| when |S| ≫ |S|c = gξ1/2/λ. The 1-loop inflaton
potential is then [11]
V (S) = Vo +
g4ξ2
16π2
[
ln
( |S|2
Λ2
)
+ (z + 1)2 ln
(
1 + z−1
)
+ (z − 1)2 ln
(
1− z−1
)]
, (4)
where Vo = g
2ξ2/2 and z = λ2|S|2/g2ξ2. The effect of SUGRA is to replace |S|2
by |S|2e|S|2/M2 [11], where M = MP l/
√
8π. In this paper we will restrict attention
to values g ≈ 0.1 and λ >∼ 0.1, in which case |S|2 ≪ M2 and z ≫ 1. (|S|2/M2 =
g2N/4π2 in the standard D-term hybrid inflation model at N e-foldings before the end
of inflation [8].) In this case the 1-loop potential can be approximated by
V (S) = Vo +
g4ξ2
16π2
ln
( |S|2
Λ2
)
. (5)
In the following we will consider the case where there are no RH neutrino su-
perpotential terms of the form Φr with r 6= 2. Such terms can be eliminated by an
R-symmetry, with R-charges as given in Table 1. In this case the SUSY scalar potential
uc dc ec Q L Hu Hd Φ
1 1 1 1 1 0 0 1
Table 1: R-charge assignment.
of the RH sneutrino is entirely due to its mass term,
V (Φ) =M2Φ|Φ|2 . (6)
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The R-symmetry is broken to R-parity by soft SUSY breaking gaugino masses and
scalar interactions characterized by a mass scale ms and by the µHuHd term
3 in the
MSSM superpotential [1]. However, no significant new RH neutrino superpotential
terms will be introduced so long as all R-symmetry breaking terms are proportional
to powers of µ ≈ ms ≈ 100 GeV≪ MΦ. The assumption of R-symmetry suppression
of superpotential terms is consistent with the assumption made in D-term hybrid
inflation that there are no non-renormalizable corrections to the inflaton superpotential
of the form Sr, which may be understood as due to an R-symmetry under which only
superpotential terms linear in S are permitted.
An F-term contribution to the scalar potential in SUGRA generally results in
mass squared terms being induced for all scalars [2, 3]. Therefore we expect that a RH
sneutrino will induce significant SUGRA corrections in the inflaton potential if it has
a large enough expectation value. We will consider a Ka¨hler potential for the inflaton
and RH sneutrino of the form
K = S†S + Φ†Φ+
cS†SΦ†Φ
M2
. (7)
In this we have assumed that the natural mass scale of higher-order corrections to the
Ka¨hler potential isM , so that |c| is O(1), and we have included only those higher-order
corrections which play an important role in modifying the inflaton potential 4. The
SUGRA scalar potential is then given by
V = e
K
M2
[(
Wm +
WKm
M2
)†
Km
†n
(
Wn +
WKn
M2
)
− 3 |W |
2
M2
]
, (8)
where W = WD +Wν and K
m†n is the inverse matrix of
Km†n = ∂
2K/∂φ†m∂φn .
3Other R-charge assignments are possible, such as R(uc, dc, ec, Hu, Hd,Φ) = 1, R(Q,L) = 0,
under which the superpotential including the µHuHd term is completely R-symmetric. The R-charge
assignment in Table 1 corresponds to the case where R-parity is a discrete unbroken subgroup of the
R-symmetry.
4Higher order Ka¨hler corrections involving only the inflaton field, such as γ(S†S)2/M2 with |γ| ≈ 1,
will not signficantly modify the inflaton potential so long as |S|2/M2 is small compared with 1. The
full effect of higher-order Ka¨hler corrections will be considered in future work.
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Assuming that |S|, |Φ| < M and expanding in |S|/M and |Φ|/M , the leading order
correction to the inflaton potential due to the RH sneutrino from Eq. (8) is given by
∆V = −(c− 1)M
2
Φ|Φ|2|S|2
M2
. (9)
The inflaton mass squared correction is negative when c > 1. In this case it is possible
for the slope of the inflaton potential to be flattened, reducing both the energy density
during inflation and the spectral index5.
Assuming that the inflaton expectation value is real, S ≡ Re(S) = s/√2, the
inflaton potential including RH sneutrino corrections is therefore given by
V (s) = Vo +
α
2
ln
(
s2
2Λ2
)
− κs
2
2
, (10)
where we have defined α and κ by
α =
g4ξ2
8π2
, κ =
(c− 1)M2Φ|Φ|2
M2
.
The possibility that D-term hybrid inflation could be modified by a mass squared term
has been previously discussed in [22] (for the case of a positive mass squared term) and
in [23] (for the case of a negative mass squared term, motivated by the possibility of
hilltop inflation). Although these terms were added phenomenologically, their possible
origin from an F-term in the scalar potential was noted. Mass squared terms have also
been considered in the context of F-term hybrid inflation models [24, 25, 26, 21].
3 D-term Inflation with RH Sneutrino Modifica-
tion
In this section we solve for the evolution of s as a function of the number of e-foldings
until the end of inflation, N , and calculate the modification of the spectral index and
energy density.
5Similar corrections have recently been considered in the context of F-term hybrid inflation models
[21].
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In the slow-roll approximation the s field equation becomes
3Hs˙ = −∂V
∂s
≡ −
(
α
s
− κs
)
. (11)
In the following we will consider the case where κ remains approximately constant
during inflation. In this case it is possible to obtain analytic solutions for the s evolu-
tion and associated cosmological parameters. Using ∂s/∂t = −H∂s/∂N , Eq. (11) can
be written as
3H2
∂s
∂N
=
κ
s
(
s2o − s2
)
; s2o =
α
κ
. (12)
Integrating this gives the s evolution as a function of N ,
s2(t) = s2o
(
1− e−γ
)
; γ = 2κN/3H2 , (13)
where we have assumed that H ≈ (Vo/3M2)1/2 is constant. In the limit where γ ≪ 1
this reduces to the standard D-term inflation expression, s2/M2 = g2N/2π2, whilst
for γ ≫ 1, s2N ≈ s2o. We will see that the latter case is ruled out by its large deviation
from scale-invariance.
3.1 Solution of the D-term Inflation Spectral Index Problem
The spectral index is given by the standard expression [28],
n = 1 + 2η − 6ǫ (14)
where η =M2V
′′
/V and ǫ = (M2/2)(V
′
/V )2. Using the above potential and slow-roll
solution we obtain
η = − γ
2N
(
1
(1− e−γ) + 1
)
; ǫ =
g2
16π2N
γe−2γ
(1− e−γ) . (15)
The contribution of ǫ to n is negligible compared with that of η. Therefore
n = 1− γ
N
(
1
(1− e−γ) + 1
)
. (16)
In the small κ limit (γ ≪ 1) this reduces to the standard D-term inflation result,
n = 1 − 1/N . The effect of the RH sneutrino correction is to increase the deviation
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of n from 1. In Figure 1 we show the value of n as a function of γ when N = 60.
We also show the recent three-year 1-σ WMAP limits on n, which imply that n lies
in the range 0.932 to 0.966, with a best-fit value of 0.951. This strongly disfavours
conventional D-term inflation, for which n = 0.983, but allows RH sneutrino-modified
D-term inflation if 0.66 < γ < 1.87. At values of γ ≫ 1 the spectral index is given
by n ≈ 1− 2γ/N . Therefore the spectral index becomes highly scale-dependent as γ
increases to values large compared with 1.
 0 . 9 2
 0 . 9 3
 0 . 9 4
 0 . 9 5
 0 . 9 6
 0 . 9 7
 0 . 9 8
 0 . 9 9
 0  0 . 5  1  1 . 5  2
n
g
g
c s
Figure 1: Spectral index as a function of γ. The WMAP upper and lower bounds on n and γ are
shown as broken lines. The solid line is the cosmic string lower bound on γ, γcs.
3.2 Curvature Perturbation and Solution of the D-term In-
flation Cosmic String Problem
The curvature perturbation is given by [28]
4
25
Pζ =
1
75π2M6
V 3
V ′ 2
. (17)
Using the potential, Eq. (10), and the slow-roll solution for s, Eq. (13), we obtain
Pζ =
Nξ2
3M4
1
Γ
, (18)
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where
Γ =
γe−2γ
(1− e−γ) . (19)
In the limit γ ≪ 1, Pζ reduces to the conventional D-term inflation result, Pζ =
Nξ2/3M4. In this case the observed curvature perturbation, P
1/2
ζ = 4.8 × 10−5, is
obtained when
ξ1/2 = 7.9× 1015
(
60
N
)1/4
GeV . (20)
This is incompatible with the upper limit from the non-observation of cosmic strings
in the CMB, ξ1/2 < 4.6 × 1015 GeV [10]. The RH sneutrino correction modifies the
value of ξ1/2 needed to explain the curvature perturbation to
ξ1/2 = 7.9× 1015Γ1/4
(
60
N
)1/4
GeV . (21)
Compatibility with the cosmic string upper bound therefore requires that Γ < 0.12.
This is achieved if γ > γCS = 1.4
As seen from Figure 1, requiring that γ > 1.4 implies that there is an upper
bound on the spectral index, n < 0.946. Therefore both the spectral index problem
and cosmic string problem of D-term inflation can be solved if 1.4 < γ < 1.87, in
which case 0.932 < n < 0.946. In Figure 2 we plot the value of ξ1/2 as a function
of n. From this we see that the WMAP and cosmic string constraints imply that
3.8× 1015 GeV < ξ1/2 < 4.6× 1015 GeV.
4 RH Sneutrino Properties and the Modification
of the D-term Potential
In the previous section we calculated the range of γ for which it is possible to have
a successful D-term hybrid inflation model. It was assumed that κ is approximately
constant when length scales relevant to cosmology are exiting the horizon, which in
turn requires that the RH sneutrino is slow-rolling during this period. This is also
necessary in order to have a spectral index which is not varying rapidly with scale. It
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Figure 2: ξ1/2 as a function of n. The upper and lower bounds on n from WMAP are shown as
broken lines. The solid line is from the cosmic string upper bound on ξ1/2.
was also assumed that |Φ| < M so that we can expand the SUGRA scalar potential
as a power series in |Φ|/M .
γ ≥ γCS = 1.4 is necessary in order to successfully modify the D-term hybrid
inflation model. γ = γCS is satisfied when
M2Φ =
3γCSM
2H2
2N (c− 1) |Φ|2 . (22)
The condition for the RH sneutrino to be slow-rolling, V
′′
(Φ) <∼ H
2, is satisfied if
MΦ
<
∼ H . Therefore γ = γCS and MΦ
<
∼ H are simultaneously satisfied if
|Φ| >∼
(
3γCS
2N (c− 1)
)1/2
M (23)
With N = 60 this requires that |Φ| >∼ 0.19M/ (c− 1)1/2. Therefore the D-term hybrid
inflation model may be successfully modified by a slow-rolling RH sneutrino field when
|Φ| is in the range (0.1-1)M . For each value of |Φ| in this range there is a corresponding
value of MΦ given by Eq. (22) for which D-term hybrid inflation model is successfully
modified.
The required range of values of |Φ| is of the order of M , which is a natural mass
scale in SUGRA models. Is there any way to understand why the value of |Φ| at
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N ≈ 60 only slightly modifies the inflaton potential? One possible way to understand
this is to note that, since MΦ
<
∼ H , the RH sneutrino potential during inflation is
effectively featureless up to the value at which SUGRA corrections become important,
|Φ| ≈ M . In this case it is possible that, in a given horizon-sized domain at N ≈ 60,
all values of |Φ| up to |Φ| ≈ M are equally probable. The most likely value for
|Φ| in a domain chosen at random would then be in the range (0.1-1)M , in which
case the value of |Φ| could just happen to slightly modify the inflaton potential. A
related possibility is to note that once |Φ| is larger than the value |Φ|CS for which
γ = γCS = 1.4, the deviation from scale-invariance rapidly increases with increasing
|Φ|, since γ ∝ |Φ|2. (For example, n = 0 once |Φ| = 4.6|Φ|CS.) Therefore a highly
scale-dependent red spectrum of primordial density perturbations (n≪ 1) will occur
once |Φ| is significantly larger than |Φ|CS. This would result in a completely different
structure formation scenario as compared with that of the observed Universe. This
altered structure formation scenario could serve as an anthropic cut-off, implying that
the most probable value of |Φ| in a given horizon-sized domain at N ≈ 60 is close to
the value at which the inflaton potential and spectral index are only slightly modified
6.
From Eq. (22) it follows that the value ofMΦ must be larger than 0.19H/ (c− 1)1/2
when |Φ| < M . Since H = 3.6× 1011 GeV in the D-term inflation model with g = 0.1
and ξ1/2 = 4.6× 1015 GeV, the RH neutrino mass associated with the modification of
the inflaton potential must typically be of the order of 1011 GeV. It is interesting to
note that this is a typical RH neutrino mass scale in see-saw models of neutrino mass
[30].
So far we have considered the density perturbations to be due to quanum fluctua-
tions of the inflaton field. However, since MΦ < H , quantum fluctuations of the RH
sneutrino field may also contribute to the density perturbations. So long as the RH
sneutrino decays to radiation before the inflaton coherent oscillations decay, there will
be no isocurvature component. However, the adiabatic perturbation may be influ-
6This is similar to the argument given in [29] for the small value of the axion field in theories with
a large axion decay constant.
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enced by the RH sneutrino field. We will return this issue in future work, but here we
will argue that the effect of the RH sneutrino fluctuations is typically neglibible. The
only existing analysis of the effect of a second scalar field in D-term hybrid inflation
is given in [31], which considered the effect of fluctuations a generic flat direction field
on the adiabatic density perturbations. It was shown that so long as |s˙| ≤ |φ˙| and the
potential is dominated by Vo, the effect of the flat direction scalar on the adiabatic
density perturbation will be negligible. For slow-rolling fields this condition becomes
|V ′(s)| < |V ′(φ)|. In our case
V
′
(s) =
α
s
− κs ≡ ωα
s
, (24)
where ω < 1 since the effect of the RH sneutrino correction is to flatten the inflaton
potential, and
V
′
(φ) =M2Φφ . (25)
From Eq. (22) and Eq. (23) it follows thatM2Φ
>
∼ 0.1H
2 and Φ >∼ 0.1M , so V
′
(φ) >∼ 0.01H
2M .
The solution for s(t), Eq. (13), implies that
ωα
s
=
3gω
2π
√
2N
(
γ
1− e−γ
)1/2
H2M . (26)
With γ = γCS = 1.4 and N = 60 this gives V
′
(s) = 0.06gωH2M . So with g <∼ 0.1
amd ω < 1 we expect that V
′
(s) <∼ 5 × 10−3H2M . Therefore the adiabatic density
perturbation will typically be dominated by the inflaton fluctuations.
5 Cosmic String Bounds on ξ1/2 in D-term Hybrid
Inflation
In the above we have used the cosmic string upper bound ξ1/2 < 4.6 × 1015 GeV, as
estimated in [10]. This bound comes from the observational CMB requirement that the
cosmic string contribution to the multipole moments, Cl, is less than approximately
10% of the total. The main source of uncertainty in the cosmic string upper bound is
the relation between the cosmic string mass per unit length and the contribution to the
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CMB, which can only be established via high-resolution numerical simulations. The
above upper bound is based on the results of [32], which found a l-independent (’flat’)
contribution to CMB multipoles, Cl, corresponding to a COBE-normalised value (the
value at which all the CMB power is due to cosmic strings) Gµ ≈ 1.7 × 10−6. Here
µ is the string energy per unit length, given in D-term hybrid inflation by µ = 2πξ.
A more recent simulation [33] has found a lower value of Gµ , Gµ = (0.7 ± 0.2) ×
10−6, whilst in [34], recently updated in [35], it was estimated that Gµ ≈ 1.1× 10−6.
Because of the narrow range of values of ξ1/2 which can simultaneously suppress the
cosmic string contribution and give a spectral index within the latest WMAP limits,
3.8 × 1015 GeV < ξ1/2 < 4.6 × 1015 GeV, a definitive reduction of the CMB upper
bound by more than a factor of 0.7 would rule out the RH sneutrino-modified D-
term hybrid inflation model. However, given the difficulty in accurately simulating
the cosmic string contribution to the CMB, the range of quoted results and the need
to specifically simulate for the case of D-term hybrid inflation, it seems reasonable to
conclude that the allowed range of ξ1/2 values has not yet been excluded.
The spectral index lower bound on ξ1/2 suggests that the cosmic string contribution
to the CMB must be very close to the present observational limits. If we assume that
the upper limit used in this paper is a accurate estimate of the value of ξ1/2 at which the
string contribution, Cstrl , is approximately 10% of Cl, then since C
str
l is proportional
to ξ2 [10], the lower bound on ξ1/2 from the spectral index implies a lower limit on the
cosmic string contribution to Cl given by 10%× (3.8/4.6)4 ≈ 5%.
6 Conclusions
We have shown that SUGRA corrections due to a RH sneutrino can modify the D-term
hybrid inflation scalar potential in such a way that the energy density during inflation
is consistent with non-observation of cosmic strings in the CMB and the spectral
index is within the limits favoured by three-year WMAP data. In order to successfully
modify the inflaton potential, the RH sneutrino field must be the range (0.1-1)M and
the associated RH neutrino mass must typically be of the order of 1011 GeV.
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Our results suggest that D-term hybrid inflation cosmic strings should contribute
at least 5% of the CMB multipoles. The narrow window of values of inflaton energy
scale ξ1/2 determined by the cosmic string upper bound and the spectral index lower
bound emphasize the need for a definitive upper bound on the string mass per unit
length from high-resolution simulations of the cosmic string contribution to the CMB.
The analysis presented here is consistent for gauge coupling g <∼ 0.1 and RH sneu-
trino mass MΦ significantly smaller than H . In this case we can analytically solve
for the evolution of the inflaton and obtain expressions for the spectral index and the
primordial density perturbation. It is possible that larger g and MΦ can successfully
modify the inflaton potential, but this would require a numerical solution of the field
equations taking into account SUGRA corrections to the inflaton potential and the
time-dependence of the RH sneutrino field. In this case there is also the possibility of a
running spectral index due to the evolution of the RH sneutrino field during inflation.
RH sneutrino corrections may also play a role in other inflation models which suffer
from a spectral index problem, such as the non-renormalizable D-term hybrid inflation
model of [13]. We will consider these issues in future work [36].
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